Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive inflammatory lung disease. 1 Worldwide, the social and economic burden of COPD is increasing.
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The World Health Organization estimates that in 2005, 5% of all deaths worldwide were caused by COPD. This equates to 3 million people. 4 The data on its impact in the Czech Republic, and Central Europe in general, is scarce. It has been estimated that approximately 7%-8% of the Czech population suffers from COPD. 5 The burden of the disease in the Czech Republic is considerable, and accounts for 2,500 deaths annually. 6 Although causal treatment for COPD is not available, it can be successfully managed and its progression impeded by complex and multidisciplinary approaches. 1 COPD is marked by a progressive airflow limitation and is confirmed by post-bronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity ,0.70. 1 The level of lung function decline varies in individual cases. 7 Nishimura et al has shown that during a prolonged follow-up, patients can be classified as rapid decliners, slow decliners, or sustainers. 8 COPD is marked by periods of relative stability and sudden lung function deteriorations called acute exacerbations. 9 It is a heterogeneous condition with several clinical phenotypes: phenotype with chronic bronchitis, emphysema-dominant phenotype, phenotype with frequent exacerbations, and asthma-COPD overlap syndrome. 10, 11 COPD associated with bronchiectasis and pulmonary cachexia can be considered as variants of the disease. 1, 12 In addition to patients with a clearly dominant phenotype, cases sometimes present with mixed disease forms. 13 The presentation of symptoms of COPD in patients fluctuates and does not closely correlate with FEV 1 decline, and its impact on quality of life varies. 7, 14 Patients can be classified into four categories according to the severity of dyspnea, symptom presentation, the number of exacerbations, and FEV 1 . These are: 1) low risk, few symptoms; 2) low risk, more symptoms; 3) high risk, few symptoms; 4) high risk, more symptoms. 1, 12 GOLD recommend using the modified Medical Research Council dyspnea scale (mMRC) or COPD Assessment Test (CAT) to evaluate symptoms and breathlessness. 1 In the Czech Republic, CAT and mMRC questionnaires are routinely used in the disease management. 12 The Czech Pneumological and Phthiseological Society adopted the GOLD strategy with a four-step modification to the treatment algorithm, with added emphasis on treatment targeted to phenotypes and personalized care. 12 The Czech Pneumological and Phthiseological Society COPD guidelines recommend the mMRC cutoff point as $1.
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The aim of the Czech Multicentre Database of COPD is to establish the real clinical course of severe forms of COPD, establish the cause for deterioration of clinical status of the patients, and describe the progression of the disease to death. This paper summarizes the methodology of the Czech Multicentre Database of COPD.
The objective
The primary objective of the Czech Multicentre Database of COPD is to assess the all-cause mortality in patients with severe COPD (post-bronchodilator FEV 1 #60%) in real time in the Czech Republic. Participation in this study is offered to all patients in the participating centers who meet the inclusion criteria and have none of the exclusion criteria. The secondary objectives consist of assessment of patients' morbidity: exacerbation of COPD, acute non-COPD respiratory events, acute non-respiratory events, cancers, and coronary artery disease. The tertiary objectives are: monitoring lung function decline, COPD-related symptoms presentation, adherence to inhaled medication, and physical activity deterioration. The analysis will concentrate on the differences between various COPD phenotypes and GOLD categories, and their progression over time.
Design
The Czech Multicentre Research Database of COPD is a multicenter, observational, and prospective database of severe COPD patients. The participants have access to full and complex medical care. The study is projected to go on for 5 years after the enrollment of the last patient, or until a statistically significant number of deaths occur (Figure 1 ). Patient follow-up is conducted every 6 months. The aim is to enroll 1,000 patients and follow the course of their disease.
Currently, twelve investigating centers are participating. The centers were set up to cover most of the Czech Republic ( Figure 2 ). The participating centers are: University Hospital Hradec Kralove, University Hospital Brno, University Hospital Olomouc, University Hospital Ostrava, University Hospital Plzen, University Hospital Motol in Prague, Hospital Bulovka in Prague, Thomayer Hospital in Prague, Regional Hospital Jihlava, Regional Hospital Liberec, Masaryk Hospital in Usti nad Labem, and Regional Hospital of T Bata in Zlin.
COPD and its impact in the Czech Republic has not been studied in such detail before, making it the first of its kind. 
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Czech database of severe COPD The data will be obtained through regular check-ups every 6 months, as well as in hospital data records search.
The study is being conducted in accordance with Czech and European Union laws. The study and its protocol were 
Patient participation
Participating patients are 18 years and older, and both sexes are eligible. The main inclusion criteria are: a diagnosis of COPD, post-bronchodilator FEV 1 #60%, patient condition deemed stable (without disease exacerbation for minimum of 8 weeks prior to enrollment), written consent, and home address in proximity to the research center.
The diagnosis of COPD is made on the basis of exposition to one or more risk factors for the development of COPD, presence of respiratory symptoms, and an irreversible bronchial obstruction in the absence of a respiratory infection. Patients are excluded from the study if there are any doubts in the diagnosis of COPD.
Patients are excluded on the grounds of: cystic fibrosis diagnosis, bronchial asthma, or bronchiectasis without a definite diagnosis of COPD, terminal stages of a malignancy (respiratory or non-respiratory with predicted survival ,3 months), end-stage COPD (predicted survival ,3 months), uncooperative patient, or considerable mobility impairment (bed-to-chair activity level).
study protocol
The study protocol is conceived to evaluate the progression of patient symptoms, quality of life, depression, lung function, and physical abilities in time. All of the parts of the protocol are repeated regularly throughout the participation of the subject in the study. Table 1 provides a concise data collection scheme.
A detailed patient history including comorbidities and medications used (respiratory and other) is recorded. A detailed history of exposure to inhalation risks is documented. This includes patient occupation, exposure to secondhand smoke, current smoking status, and the amount of cigarettes smoked over time in pack-years.
The comorbidities and their treatment are noted by asking a set of specific comorbidity-related questions (Table 2) and by a search through hospital records.
Respiratory symptoms and shortness of breath are assessed by the CAT and mMRC dyspnea scale, respectively. The Sino-Nasal Outcome Test (SNOT-22), a questionnaire used to assess the quality of life of patients with chronic rhinosinusitis, is evaluated once a year. Quality of life is measured by the St George's Respiratory Questionnaire (SGRQ) questionnaire. 16, 17 Depressive symptoms are evaluated through the Zung Self-Rating Depression Scale and Beck Depression Inventory Short Form; both are self-administered short questionnaires. The Zung questionnaire consists of 20 items regarding affective, psychological, and somatic symptoms of depression. Questions are scored on a scale of one through four, making During the fifth year of study. ***Mandatory, but with the option "unable to perform". Abbreviations: 6MWT, 6-minute walking test; a1aT, α1-antitrypsin; aDl, activity of daily living; CaT, COPD assessment Test; COPD, chronic obstructive pulmonary disease; DeXa, dual energy X-ray absorptiometry; e1-e3, emergency appointment 1-3; eCg, electrocardiography; hrCT, high-resolution computer tomography; mMrC, Patients are asked about the presence of fatigue, dry cough, productive cough, the signs of blood in expectorate, and purulent sputum. The physical examination includes chest excursion difference, abnormal breath sounds, clubbed fingers, and chest deformity notation. Fat-free mass index and body composition is measured once a year through skinfold anthropometry. The Morisky Four-Item Self-Report Measure of Medication-taking Behavior and a five-step inhaler technique assessment are evaluated once a year.
The 6-minute walking test, post-bronchodilator pulmonary function tests (spirometry, body plethysmography, fractional exhaled nitric oxide, and transfer factor measurement), and arterial blood gases (at rest, without supplementary oxygen) are measured at every follow-up. Table 3 Definitions of clinical phenotypes used in this study
Clinical phenotype Simplified specification Notes

Chronic bronchitis phenotype
The patient answers yes to both questions about chronic presence of cough and expectoration emphysematous phenotype radiology specialist says yes to the assessment of pulmonary emphysema by chest hrCT COPD with bronchiectasis Defined by presence of bronchiectasis (in two or more lobes) on a chest hrCT Chronic presence of cough and expectoration is not required asthma-COPD overlap syndrome Definite COPD subjects met two or more major or one major plus two minor criteria 10, 12 Major: strong bronchodilator test positivity (FeV 1 .15% and .400 ml), bronchial challenge test positivity, FenO $45-50 ppb and/or sputum eosinophils $3% of all pulmonary lung function tests follows American Thoracic Society/European Respiratory Society standards. Post-bronchodilator pulmonary function tests are performed regardless of whether the patient has used a long-term bronchodilator prior to the exam. Electrocardiography (ECG) is recorded once a year. Activity of daily living is assessed via a pedometer which is worn by the participants every day for 1 month a year, during a period of non-exacerbation. Patients receive a Yamax SW-500 pedometer (Yamasa Tokei Keiki Co., Ltd., Tokyo Japan) and are instructed to wear it every day from the moment they wake up until they go to bed, for a period of 30 days, and note down the total number of steps made every day. The instructions are provided by either a physician or a study nurse. Weekly averages are recorded into the study.
The subject is classified into a GOLD category at every scheduled visit, using post-bronchodilator FEV 1 and the CAT, mMRC, and SGRQ questionnaires. COPD phenotypes are assessed at the first study visit and may be updated with disease progression (Table 3 ). This classification is subjective and will be compared to the "objective" patient classification which is calculated from all data available in the electronic case report form (e-CRF). Participants are screened by echocardiography at enrollment, and during the third and fifth year of the study. High-resolution computed tomography (HRCT) is ordered at admission and then at fifth year of the study. HRCT is assessed centrally by one radiology consultant. Emphysema, bronchiectasis, fissures, mucosal plugs, atelectasis, nodules, ground glass opacity, lymphadenopathy, air trapping, and the size of major vessels are evaluated in the HRCT. Full body DEXA is recommended for osteoporosis screening as well as body composition analysis at enrollment (see above).
Participants are screened for α1-antitrypsin (A1AT) deficiency upon recruitment to the study. A1AT deficiency screening should be performed in all participating centers. Upon positive results for A1AT deficiency, further genetic testing is performed. All patients positive for A1AT Blood samples will be taken at six university centers. Genomic analyses and analyses of protein profiles will be performed in a central laboratory at The University Olomouc. Analysis of genes associated with COPD (CHRNA3,  CHRNA5, HHIP, FAM13A, IL33, IL1-RL1 , and other proteincoding genes) will be performed by MassARRAY ® (Sequenom, Inc., San Diego, CA, USA) using polymerase chain reaction and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Analyses of cytokines and other proteins (TNF-α, IL6, IL8, GM-CSF, M-CSF, PECAM1, CCL19, CCL21, MCP1, MPO, and others) will be performed by using immuno-polymerase chain reaction, Luminex ® assays, enzyme-linked immunosorbent assay, and quantitative polymerase chain reaction. Outcomes of genomic and protein analyses will be assessed in relation to severity, phenotypes, and other clinical characteristics of COPD.
Disease exacerbations are identified by targeted inquiry and a search through hospital records. Treatment of COPD exacerbations is noted. A COPD exacerbation is defined as a deterioration of COPD symptoms a need for antibiotic treatment and/or corticosteroids (oral or intravenous).
Hospitalizations (pulmonary and other) and their course are recorded as well. In the event of death, the causes will be examined. Clinical autopsy is recommended for all patients whose death occurs in a hospital.
Certain parts of the study are assessed centrally either due to their specialized nature or to ensure standardized interpretation of results. The following tests are evaluated centrally: HRCT, ECG, activity of daily living, and the Zung, Beck, SGRQ, and SNOT-22 questionnaires.
All participants have the right to refuse parts of the study protocol or withdraw from the study at any point (Table 1) .
Obstacles in data collection
The considerable size of this study presents various challenges for the study team. The authors recommend that all parts of the study are completed for every enrolled patient. However, with the declining health status of enrolled patients, some sections of the study will have to be omitted due to an inability to perform the test or, in certain cases, due to unwillingness to complete parts of the study. With declining lung functions and mobility, some patients have to be excluded from the 6-minute walking test. Immobile patients who are unable to travel are flagged as "living, but unable to travel". Telephone contact is maintained with the patient, or family members, or their general practitioner.
Questionnaires are time consuming and, as such, some participants see them as a burden and may decide to not complete them. Zung and Beck questionnaires regarding depression are refused by some patients due to the stigma they associate with mental illness.
It is up to the individual physician to come to an understanding and a compromise with their patient, regarding the extent to which the patient wants to participate in the study. The study sections have been divided into mandatory and recommended parts. The failure to obtain mandatory data deems the patient non-valid. Patient flagged as non-valid is excluded from data analysis. Table 1 provides a list of the mandatory and recommended study sections.
safety assessment
Participation in the Czech Multicentre Research Database of COPD is deemed, at most, without a significant health hazard. Nevertheless, collection of arterial blood and both imaging methods (HRCT and DEXA) using radiation may potentially pose some risk. These risks are comparable to routine clinical practice for patients with severe COPD. Professional guarantee is assured by the Czech Pneumological and Phthiseological Society and Institute of Biostatistics and Analyses, Masaryk University.
Analysis
Standard descriptive statistics will be used in the analyses. Categorical variables will be described by absolute and relative frequencies of categories in the base for given computation. The median supplemented by the fifth to 95th percentile range will be used for continuous variables. Valid N will be reported in the case of missing values in the continuous variables. Parametric statistics will be used as an additional approach when appropriate: the mean supplemented by standard deviation or 95% confidence interval will be adopted for continuous variables when the normality of data is proven by the Kolmogorov-Smirnov test. The geometric mean and its 95% confidence interval will be adopted for log-normally distributed data.
Statistical significance of differences in continuous variables between/among groups of patients will be analyzed using the Mann-Whitney U test and Kruskal-Wallis test. Student's t-test for two groups or analysis of variance followed by Tukey's post hoc test for three or more groups will be adopted when appropriate as an additional analysis approach. The paired t-test and/or Wilcoxon paired test will be used for 
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Czech database of severe COPD analyzing statistical significance of differences of continuous variables between study time points. McNemar's test will be used for the same purpose for categorical variables. Factors influencing binary endpoints without time to event and censoring (eg, 1-year mortality) will be analyzed using logistic regression, and general linear models will be adopted for quantitative endpoints (eg, FEV 1 % and its change), with proven confounding factors as covariates.
The survival data will be visualized using Kaplan-Meier methodology and the statistical significance of differences in survival among groups of patients will be tested by a log-rank test. Cox proportional hazards model will be adopted for the analysis of potential predictors of time to event endpoints (eg, mortality, exacerbations).
The level of statistical significance in all analyses will be α=0.05. All alternative hypotheses will be two-sided. Analyses will be performed using SPSS ® 22.0.0 (IBM Corporation, Armonk, NY, USA) and R.
Discussion
The Czech Multicentre Research Database of COPD is a multicenter, observational, and prospective database of severe COPD patients, devoted to patients with highest forms of pulmonary obstruction without the exclusion of patients with bronchiectasis and asthma-COPD overlap syndrome.
COPD can be considered a syndrome rather than a simple disease, as it is characterized by a myriad of forms and features.
14 If successful, the Czech Multicentre Research Database of COPD will provide data on the mortality and morbidity of patients with COPD in the Czech Republic, as well as a detailed look at the course and pitfalls of the disease.
The disease is often associated with comorbidities. The most significant being: cardiovascular disease, lung carcinoma, cachexia, and osteoporosis. 18 Generally, comorbidities significantly contribute to disease severity, and the patients often have several comorbidities at one time. 19 COPD patients with a greater number of comorbidities have a higher yearly rate of hospitalizations as well as higher hospitalization mortality. 20 Comorbidity analysis will elucidate the burden of COPD on the patients as well as the Czech health care system.
Due to the strong association between cardiovascular disease and COPD, ECG screening is a fast, easy, and readily available option, as anomalies in P-waves are associated with both cardiovascular and pulmonary disease. 21 Abnormal P-wave axis, even when adjusted for age, sex, and morbidity, is associated with increased risk of death. 22 Abnormal cardiac repolarization, a risk factor for sudden cardiac death, has been found to be prevalent in one-third of COPD patients. 23 Prolonged QT dispersion was prolonged in COPD patients, and may be related to hypoxia. 23 Echocardiography is a noninvasive and fast method, which can be used to screen for numerous cardiac functional and structural cardiac abnormalities. 24 COPD is associated with pulmonary hypertension, ventricular dysfunction, atherosclerosis, and heart failure. Early diagnosis and monitoring are enhanced with improved imaging techniques and are vital in ensuring better mortality outcomes. 25, 26 ECG and echocardiography screenings can serve as early detection to cardiovascular events and subsequent analysis may show structural and functional cardiac abnormalities in COPD patients.
Weight loss leading to cachexia is a major issue in any chronic disease and is a consequence of a combination of abnormal metabolism and lower food intake. 27 There is a strong link between cachexia and mortality risk, even though no known unifying mechanism has been proposed. 28 Higher body mass index in patients with COPD is a predictor of better long-term survival in patients hospitalized for COPD exacerbations. 29 Using the fat-free mass index measured by anthropometry and DEXA instead of the body mass index, will allow a more specific mortality analysis of pulmonary cachexia to be performed. This is because the fat-free mass index takes into account the muscle mass of the subject rather than total mass.
COPD is associated with lower bone mineral density and has a high prevalence of osteoporosis. [30] [31] [32] This may be because tobacco smoking, systemic inflammation, vitamin D deficiency, and the use of oral or inhaled corticosteroids are common risk factors of both COPD and osteoporosis. 33 The limiting nature of COPD has a negative impact on patients' quality of life, which is associated with disease severity and depression. 34 Depressive disorders negatively impact physical fitness and interfere with compliance to physical therapy and worsen the symptoms of the disease. [35] [36] [37] [38] Management of a chronic illness requires patient cooperation and adherence to medication. This is crucial in preventing the disease from being socially limiting. [34] [35] [36] [37] [38] [39] Compliance and adherence to inhalation medication largely depends on a subjective feeling of relief after inhalation, and device "ease of use". 40 Greater compliance is associated with fewer exacerbations and hospitalizations due to exacerbations, so patient education should be an inherent part of clinical practice. is a heterogeneous disease and FEV 1 evaluation alone is not sufficient enough to show the disease progression. Emphysematous destruction, regional ventilation abnormalities (ventilation defects), airway remodeling, and gas trapping can be shown by thoracic imaging methods in COPD patients with modest lung function decline. 42 CT may be used to define COPD phenotypes and help optimize treatment. 43 CT screening helps detect possible cancerous lung lesions at an earlier stage and decrease lung cancer mortality. 44 This study is designed to take a closer look at this complex disease. The strength of this study is that it is a pharmacologically noninterventional study design. Registered patients are screened for heart disease by ECG monitoring, echocardiography, and chest CT, which allows for early disease detection and treatment. Chest CT and ECG are assessed centrally by one designated specialist for all study centers.
Unfortunately, not all of the patients are able or willing to go through the whole examination process. For example, with declining lung functions, the patients will not be able to perform the 6-minute walking test without supplementary oxygen. The exclusion of severely immobile subjects who have the highest mortality risk will be excluded at enrollment and may cause some bias in data analysis.
This study will help physicians understand the development of the disease and to identify the future risks their patients face. The establishment of the database is a useful step in viewing various aspects of COPD with severe bronchial obstruction. Additionally, it will serve as a source of data elucidating the natural course of the COPD, comorbidities, and overall impact on the patients. Moreover, it will provide information on the diverse course of the COPD syndrome. Prospective follow-up allows for assessment of the importance of phenotypic view in this field. Finally, the uniform enrollment procedure presents an opportunity to harmonize COPD care. M Marel (The Scientific Secretary of the Czech Pneumological and Phthiseological Society), and Associate Professor L Dusek (The Director of Institute of Biostatistics and Analyses, Masaryk University) for their indispensable assistance with initialization of this project.
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